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(57) \mm («FjE*T) 

t, w y — yzintzf— ? ¥y b<D-? h y *>mc 

^ — y — ^$H7t-r— * f y b<D-^ b D ^Icfctt 
5t'y h(0-r:tL^-*ncor K 5 ^-r yT't, 




iot-ry^?- y — y ^n/c-r— ^ f y h<D-v h y ^y. 
(c^ott^T 5 — ^ fcTy h<ou — h£r. h y y^TS^ig 
tttlSnfcJLS/j:^— * try h<Dgij|&£fclix-* f . y 
h<OEJE(c «fc <9 , fiffMcOx — y- try hcou — M-&-£-£ 

fffiiex— y- hW'f y -y$nt^/j:^-7 h y 

(c^JRfe* fcfiKm£ft5-<£ t'y b<D'<* — >&#ibZ» w 

>w-etfe^60fy ho7 k^^^kl, -r>-y*— y 
— :/£ftfc-;r— y- tr y hco-^ h y y .xcotTy hG9^h-e 
ftcOT K^^t^^f-^i, 
flijfeerfter'ftcor KMlc^ot, Bifida v^— y — y 
Sftfcx — * try hw^nofs' HS-mi»4fc»i5 

Sr^tf^ — y" try h • u— h 3r0fBtcoy^— y" try h - u * 

Vr&^&x. Ir(k) = [or k+f e (l)]modNr 
n^L^Wx. Ie(l) = [oc k+fr Ck)]modNc 



(2) ■ #832 0 0 1 -5 7 5 2 1 

2 

[ShfcfK2] sfrier Ki^^roaw, fftfa^—y- try 
hco-f vy* — y — y^ixt^/j:v^-7 hy^^A^-Ty^ 
— y -T^ftfcT 5 — y- try h^Mt67 Ku^co^^- 

fcirlSJlS^ft: "Cliff £ft3?fMt^l (Cie^O^— y" fc'y 
h • U— b &&Tm.0)-7—5> k'y h ■ hlCv^fy^ 

[m*^3] fffifEN'J|¥&3:itf2E&£ft£^tr y b(D/< 

nm&tctefcmzftz^ try Ma*?*^ 

2 fcfdigtOx — ^ try h • u— h ^r^fMtO^— ^ fcT 
y h * U- hfC-^y^Vy-^-tir^TT&o 

ff^itfNc fl§(7??iJtO-v h y y ^COfffccfcU^lcDitfc'^ 

x.*:^-, i^^xtcio^r, <y — y— :/£ft5 
-^^-^ try ^r^*: (i) (c&o-cff r^ic 
S£ft, 



JO 



C C T- I r Ok ) l±fT-f >^ y y~ ^ k co^ — y* fcT y h 
U k f± 1 -N, cogger* £> 9 , a r 9 , ■ f 

c ( 1 )(i^ij-r yr-;^ I CDi^a-C-^l/^^T-fo"? , 1 
til -N c tOM&r.fo 9 , [ « (I )tt?iW ^y y"^ 1 

cox— * try KSrSU a-c liSSrefeg 4 f r (k)i± 
-£a£fcttff^ yfy k 0>&Hgc-Cfc 9 , modNr^ 

£frf^— ? f y h*sjiirt»C^ hyy 

^^pjMftai^ftssB*^ i a»bJ&#JE3«^-rfta»tc 

fS^ctDx — ^ tTy h * l"— h ^ tT y h • U 

[fg^ilS] fflffi f c ( i )ttK f c C l) = m 1 +[Nr 

— y" tTy b • U— h^HFfiicOx-^ tTy b • U— Mc^r 
y^Vy-^-tta^&o 

lm#.t&6) mtZmfiK *3«t-tNr /Nc (C5?UV^5ft 
r l5 (ClSi&cO^—^ tTy h • KSr^faw^— ^ try 

ff^^i I r(k) = [or k+f 



^ (1) 

Kb • ^—biC^-y^^f&ltZjim. 

rnilSf r (k)ds, fr(k)=2k+[Nc 
+ 1 ]mod 2 T*$?6g9*tg 4 d*e>?»3ft^ 6 [CfEi&cOx — ^ 
tTy h * bfrffiW.iD'T — ? tTy h • L MC-^ y ^ 

tl^^l8] mjlSa r ^S. Nr/l0g2 (t0g2 (Nr ))<£ 

X— ^ tT y h • U— H ^fiff^COx — ^ f y h • U— h (C 

[S»*«9 ] SS*iS 1 7i-fbf|jftr|8(73^-fft/j-tcgE©tO 

[SSsftrglO) Nr ©cofffc J: LP N c fl§ CO ?ij co ^ h y ^ 
^ (Off *i J: Ut^tJ ^ 3fe-<# i^zt Z^tsT — ? tr y h $r 

■f^-y-m^ffco-c, -rv^-y— y^^ft 

t-^$ft. 



[»2] 



( t )]modN r 



jrij^^^ r c ( i ) = [ ac k+f, (k)]modN, 



St, k |i 1 — N r cO^-&T*& 9 % a r tt&&-C#> 9 , 

f c c i )ti^i^ >^y y ^ i co-if a-e/jrv^gas-efco , 

Ilil-Nc «05S?ST fo 0 , I c ( 1 ) H^iJ-r > x y y" ^ 
1 CO^-^ tTy l^iU a* tt&SC-CfoO, fr(k) 
fi-tlo ^7-clitf >ry^^k^tt^ 9 . modN , 



JO 



5£ (2) 

^>?-!i-^fcf-^t7 btm^kiz.-? h y y 
^A^biS^m^fts^— ^ try h$r-r y — yto 

i otcistgtco^-^ try y^-y-yts^ 



-2- 



J 

2] m^arttK Nr/l0g2 (logz (Nr)) 

tm^ii i 3 ] m#m io. nifcni2 t-sa©©^- 

(bid J: 9, ^JiSma^-ii^^b^ixfc^-^Sr^^ 
f^fcSixfcT*— *f±, m&try Hjsiut^y ^ try 
Utiles y tr^ h tttJSiJflatca^aitrs/ h^-fy^-y 
HirfEW v^ — y — ^s^fc^y ^ try M^^yf-f 

hs 

im&mi 5] &^it£fttz7-?try hSrfiiJ|»-rsc 
hit LTfc-t), 

sfttaauatry h irtiguiBi^y ^ try h^^-y 
— BtFia-f >-^— y — y^nti^ i J ^ ^ try h<^y 

[JSsfcJg 1 6 ] SffJftJS 1 4 £fcfS 1 5 fc£tt£ixfc;friS: 

££?rf a «* 9 Wffife $ ixfcfa -g-fb^ v ^ - y — tr> y-*5 
«ty^ h^y^-v^a, 

[0 00 1 ] 

tzsb<Du— h • ^y^^iu^-r^/u * -< v^ — y 

[0 0 0 2] 

(FEC) ^^fflL-Tx-^cO-r Vy*-y — tr>-y- (in 
terleaving) $rHtf i"5 C b (c J: 9 , f-f^-U-t' 
>^ (de inter leaving) <7)BS(; 4 "£:#-flfe$-ti-c'-t 

(i 4 -teoj; pfc'f — y — tr^ll, f-^n y ^ 
IS— tOA^pBl(c£t/j^t-< >y* — y — s<&i£.m-f~Z> a W 



(3) #^2 0 0 1 -5 7 5 2 1 

[0 0 0 3] l«5g3tft©CDMA 

«^tf-^H^-y-^f5 (-r^^>^,jtiM^^M 

^fx^i £ v£M1^r5^r^^t-#:b^:7U~AP^ 
^-y- y <_ tt4 L h^r-yT^^mm^rni^tcnWi^ 

mu, t£v*—y- 1 — h^ffi^7u-i,u-Mci^ 

rtOb ( ' Wy"— XT'ttx — ^ t'y h) (O/^^tfV 
^ (puncturing : WO it T) (repetition) 

[0 0 0 4] 

20 9, Af-fX, y* Agc^^O^Vy-^-r 

if £ fc f ± s is £ n tr h PbI co ssst a ? r- ^ s fc' f t >c £ 

[0005] 1 9 9 9^3^190 (cWen Tongftiltc «t 0 

4 y — 7*i-£7jte (Data Interleaver And Metho 

d Of Interleaving Data) J b Z> % ~t ? (V&lftftfiM 
30 : 10378R0) H\ _bf2{C#fiS t 

i±, ^<^j;5^f L -r^vu--r^^-y-tr^y'^cox— 

^^-y-tr>^icefcasr^D*., $ e>tc^co«t 

j^yu . — y — tr^^wr^y y— ->3 ^tcefc^* 

[0 0 0 6] 

^I(;J;ot>{ >^-y— y^h,fcx— ^ t'y hoo^ 

h y ^ ^(Cj^lt ^,-7^— y* tT y hCO \s— h Sr. H V 9 

^jS^^ta^HfcjLS^c^— ^ try 
— ^ Cy hcOSiStcioT, Bfawu— McSg£*S-t£5 
*-«fcSrffiWi-5 0 ^to^&fi, tmm<nr— ?is-h& 
50 SW-rSfcAlcfiiJBfe* fcHKatSixS-*^ try hw^? 



5 

— $ f y h<D4 » — ^jXTWi 

h y y *ld:fc^T;fc4t>£xxy;/i:, m%Z<<>$ — 

y — t* v^git (iK^to^rte-CHPifa^^ - yo-enf 
Hfcr-^ t-y hco-^ h y ^icfe-its try hrotHf 
K^c^ot. fiiiSE'f^-y-^^iitf-^ t*y 

[0 0 0 7] T Kl^Offl-SHtS:, HfjfS^— ^ f y hco /o 
* Ofrfc X &&l<nffi& & *. 6 3. <t Sr^tr -f > ^ — 

[0 0 0 8] 20 
C«C3 ] 

«£-<#;t Ir(k) = [ark+fc(l )]modNr 

yij^fe^^x. I «= ( 1 ) = [a c k + f r (k)]modNc 

[0 0 0 9] I r ( k ) tt. ft -f y?.Xk<D 

X-^t'yh£^U k(il-Nr WSSt'CfoS. ar 

ttS^t-Cfo 9 , f e ( I ?ij ^ ^ y 7 ^ 1 <DM a T* 

tt, ?!kyry^7 I Wf-^iry h^t. ac(±I 
fft-CfeD. f r (km. -bf a^fciift^ >-7?y k « 

[0010] f c ( 1 )3S£U f r -(k)£r, fc(l)=m 

1 +[Nr + l ]mod 2 mttE&T&t) , Nr/ 
NcCfci^^U^) , f r (k)= 2 k + [Nc + 1 ]mo 
d2c^J; 9(Cig^L, ifcarlr, Nr/log-Clog 

2 (Nr )) J; 9/h$ivft;*:iSSgci: L-CiS^awisa® 

[ooi i] z<n&w<omcDMm*. Nrftfc.fcU'Nc 
lCt£ o -c ft zr <t ICS $ na. 

[0012] 
[&4] 

fT^^*: I r (k) = [ar k + f c (1)] mod N r 

?i]&-<^;t [ c ( 1 ) = [« c k -r f r ( k)]modN c 50 



%f?& 2001-57521 

6 

[0013] - - T\ I r (kmtT-f Vf^^kCD^ 
-^y^fU k»i 1 — Nr *-C05S^C"CfoS o a 
rtiS^-C'feO, fc(l)=ml+[Nr + l ]mod 2 (i 
^J-f >fy^^ 1 (D^—f h £rS-T 0 a c tt&-&T* 
£>9, f r (k) = 2k+[Nc + l]mod2t'fc5 0 mod 
2 , tnodN r iJiUtmodNc fi, ^tlftl^va a 2 , 

□ n r fc'J:^ y\ □ Nc Ifff^St, ;Ht, 
^ ^-y-y^tWcr-* t'y Mi, ?ur<t(c-7 h y 

[0014] £fc, r.co^^(±, ^(Djjmfrnft^rz ± 
jffif&ztifcy*—? ■ y — ^mfc-rs,, 

[0 0 15] Z£73|g^(OflllcO{Rijffi{i, <ft^ik£t\tc1r- 
* t'y h^foliicj;!), ^'JiSma^-i^^-^ 
^tSixfcT*— V^— y— 7LTi^- Y-ry^s? 

K*sit5^y try h^tt5 fl 

[ooi6] w^^&fi, ^y^-r hifiBUflSicia 

y — 7*$ixfc^y t'y h7i-(b^^ y t'y h^rN'J^. 
[0017] Z<D$&W(D£ MlSib'y hfc 

^-!i-yto^fy7'i, y — y'^nfc^-^y 

7w try ^y^-y-yj^tMfy^ftt 

[0 0 18] £ <b(-Z<7)3gBflfi, Z.nf>W^i£^||tfi- 
[0 0 19] $ t>iZ.Z<0&m<D<&<n®m\*s S4S:#RB 
(shuffle) -r^?7f£, *>J:tf2 i: O^-fctOJ: 5 ft?* 
[0 0 2 0] b^SiBMffili. 
[0 0 2 1] 

M A m&mt ; y * A is »t 5 if— f^Sfbfc «t 
i-^yu • -r y — tr^^togJEjaitoWfife^^SixTv^ 

^i/^ti 0£tfg;t3 o ^co^— *m%-* b y— a 



-4- 



7 

t^^AT^E-^li, 7"n7^ 1 6(;fc^TCRC (iffi 

fcfg^li, -fe^>0 Mt^o ^ 2 OtCjfet^T^-SHfcco 

ii, FEC/d-j/^ 2 2 tCfcl/ ^TFEC (ifF^tJff 
IE) £r*Hb£gl75„ ft^itZtitcm^l*. 

[0 0 2 2] ^Sit^nfc{g#fi, ^ay^2 6lc*j^ 

TU _ ^v^Ttfy^ (fy H 

^y^ftily^ (gijlSfc) Sfctt?*— ^i^jtf/u (tr 

5> M ££{7, Is — 10ms (75^ 

b (air rate)) lcB^£-t*:5. ^(C$M£ Lfc h 
SILT, i«|ft^K:*ilt5 7x- ^^^fCjgaLfc 
^7— ©^®£{£&£i$:3fctf>(c\ ^— * t' -y Mi, 

^ i w>r — y — ^2 sicfc^-c-r >-^ — y — rT^n 
5 0 Ml <r>4 >?-y—s<2 8 it, Zti-eti&i 0ms 
<o^ f-^ C y h ©T'o y ^ Srt^ ^. 5 J; 5 ftf^t 5 

y — y^irpf i±*n5o @ i T'fi, -r^^ — y— ^<2 

8 flu— b^y3-l/<?(n-7u 2 6{C$£< LT 

^-i;-^-2 8ic^$h, — y— ^<^P)«-< 

>-^-y-^$^/cif-^-(iU— h^-yf>^o ^2 

[0023] i^2 6fcj;u«2 8ic^£, Jgjfei: LX<D 
^- b-?v=f-^7£Mi/5— y— ^$ttfcfS#(i, -fe 40 
^> v bitzfu y $ 3 oioio! 3 2 (cia^-c, ^^^u 

# I £ tt . ^ t-t* u ^ ■? i o ic <t 9 ^gft-r 5 ?t com 

^•ti, ^2 to-r — y-^<3 4(c c to-c-r y — 

y^tL6 0 ^2CO^>^— y— y<3 4(Oda^7H, K&GO 
Affile tett* C DMA*&g|iire&2SS:7> LfcififB (Ofcifc 
fc, -tr ^ v Mfc***!^ y t'y^D -^3 6 tcfci^ 
> bit£tLTWm<DW)m3 L \*/i'\C^yzf£ 
tlZ a so 
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[0 0 2 4] _b!2#R8 ufcWen Tongftii^ J: 5 ^I^tiimtc 

i i^Ticiap^t a i 9 ^fifi^'i y 1 7 y ^^m'f 

5 d i ^Tngfd-r 5 (75 a ^ 7 — v > * & J^o 

Lv\ -r/i^)*,, X't£rtftYt%2<n^ — y — ^< 
3 4fi, tti^tuom i <r>4 — y— /<2 sciot 

Scotc^L, frtUftMomi WsZ— y — ^^2 8 

-ew#^rou- h ^ ^ ^ > ^ $ nfc x — ^ ^ h y — 

[0 0 2 5] Lt^ot, IlW^^-!;-/<2 8 
y-^<b UT^?a^na o ^rix^tLfOQ o S^.-v-t^Kc 

(linear congruential rule) Sr^tt, ^fV^- y — fcT 

^S^itcj:^. a?c<o^^^ — y — tf^fcoimZ&J: 
Tfmffl (^A^/^y (time span) ) &-3jt4t>5 d <t A s 

^T^^—y/u^fc^fCT^^v^^Xto^ ^ y 

TiitL*) i^/^ofc 4 K^aiw^ y — ^<to^j^^^r 

[0026] £XT<DUwn, b y ? ^^Ttte&xfm* 

^T(cK^-rs«t ptci, -r^^— y-/^fi, >^ey(c^ 
*f*j^^fctr-y h^pt-ey&gco^-r^tc^tfi-f act 
f-^ty h^^$nfc^>^yt7?>^ya 

[0 0 2 7] ±IE#fK! Ufc^rFffliSTIEiiE^nTV^ «t 
pic, v^— y— x<2 6 ttJ^T^^x^y^^tf-ra 

[0 0 2 8 ] 1. f-^ey^ff{k^t7'Dy^ 
S^Nc-C, -tn^nw^ft^ixfc^n 7 ^5Nr (IS 

[0 0 2 9] 2. WTw«ot-7 h y ^ ^cofrjoJ: 

[0 0 3 0] 
t»5] 

tr^afc-c^x. I r (k)=[ tt r k+ f c ( 1 )]modN r 



(6) 
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I c ( 1 )^[o e 1 + f r (k)]modN c 
[0 0 3 1] c-f, I r (k)tiff--l' 9* k©r 

— ^e'yht^U k (1 1 r <E>gg&"C&5o o r (1 
g&T-fcO , *-C£>5 0 f c ( 1 )H 

$W '-/r -y ? J* [ , ll±l-Nc ^T-O 

SScCfoi. I c ( 1 )\-*$\\o{ -yfy^^ 1 (O^— # fy 

f r (k)Htf-f vy^-y^^ kraiEMSc-Cfo-So mo 
dNr *5«fct*nodNc fi, ■=& ~ a n r *5 o N 

[oo32] 3. h y ^a^-Y v^— y -y^ixt 
f-^f-y h^jri ic#^£ti-r Q 

[0 0 3 3 ] y^l £r*>Tri»l££3! LX, t V D V 

In r /io 8j (i og2 (n r ))J 
In J 

wCir, IS-*!- | | liTwst 

[0 0 3 6] SS& fc(l)=ml+[N+l ]mod2 "Cfc 
"9, ZZXmteSkTto*. (5) iaotg$H5^ 
Lt^SE^C-CfcS. it, f r (k)=2 k+[Nr + l]mo 

pr/N7| 



JO 



8^i]^o"ij)i-C# (;-T*v = K 2, 4 itH 

A&t v) -7 f. y ^ y ©(O^iJ^K^aii-^ i 
T*fe6 0 WT<Otft^l±SffW::^3t«>, N c =8t*v 
= 1 i{£3Ef£, 
[0 0 3 41 ^y^T'H, ft3£-<#^^7^— 

, tt. wTosa: (3) xm£tiz%i£«)<h£i<-m±m%L 

WTOSC (4) t-g^5^D/hJ^t^T^5 

[0 0 3 5] 
[ft 6-1 

* 

5£ < 3) 
^ (4) 

20 >*-d2 "CfcS. 
[0 0 3 7 ] 
& [»7] 



[0 0 3 8] [N r + 1 ] mod 2 H, N r riHfr!BrCfc5 

bf)*X'&>Z a it, [Nc + 1 ]mod2 11, N e mt 

H^e>A>T*£>6 0 .fcoT, 6S& f e ( 1 f r(k) 

T*£>6i£, ffi#/.ei0>j!jQ#i/.e3. 
[ 0 0 3 9 ] _tK(£^Lt«fc 9 (c, 
II, 1 — J^WJ X&t&M-? Aco-^-f 
X«fc Dutiful FEC^t/°7^22^i 

fty>^ (B» f5. i£f-, U-ACO 
u-AcotTy hli. L — V-ry^is 7 ^ 

r, -tn^'ricoffi^^ l — -mc^ii-s^*^^ y 
[0040] m i toT^n^i 9 (cu— b-^'y^^^y 

a-y? 2 • ^ y — — 2 8 KSfcfrL 



> ^ & & $im -f % z t *s -c t s o 

[0 0 4 1] m2 &-#R9"f Si, ir^^ V ht-fXN i 

JO 0(d*3U>-CfiiBCy^y =Nr -N i ^tcjjt^^n, 
y 12, ✓^^-r y ym^t^ns^ci^DJ: 
(IE) , | y | ^yhwSM^StSiiiS 
^■Cli-eaj; 9'h£< (^) it, ^y^f-v^ 

v^tSat^Si^n/jrv^it, yl^nfc/i*). ^ 

s^f^^^ii, y 1) •sr&i&m+z ft 

HS^ (y<0, !H2£0^iIiJ(c^^nS) Wxr-yT" 
11. SI 2cofe^]tc^$nS^^>^^+ y >^ (y>0) 
40 cox^^7"i^K^(-[H]CX-foS a iot. 

[0 0 4 2] y > Ofcktf, U— Aff)N r h 

3„ 7n-^4 3l;^^. r SN , 7*>i' ? t^¥TO £ 
iX, rSNr/£?)li, 7*ny^4 4i:ja^teCDf^2 
JO y t*H®betL<5. iSfefiO^ljlSr^n y ^ 4 5fCioV>T, e 
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(7) 

II 

r n-fu -y? 48 {C&l^T 1 fcfjif ^^it, ^Wr^a -y 
^■4 3 (C^£ 0 yn^45 iCfc^T e^O T*^(ttlfi* 
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1 . A method of matching a rate of data bits, in a matrix of data bits interleaved by a 
predetermined interleaving process, to a desired rate by deletion of redundant data bits or 
repetition of data bits derived from the matrix, including the steps of: 

determining in a non- interleaved matrix of said data bits a pattern of bits to be 
deleted or repeated to provide said desired data rate; 

decoding an address of each bit in said pattern in a manner inverse to the 
interleaving process to produce a respective address of the bit in the matrix of interleaved 
data bits; and 

deleting or repeating the respective bit in the interleaved data bits in dependence 
upon the respective address. 

2 . A method as claimed in claim 1 wherein the address decoding is performed in the 
same manner as a coding of addresses for producing the interleaved data bits from the 
non-interleaved matrix of said data bits. 

3 . A method as claimed in claim 1 or 2 wherein the pattern of bits to be deleted or 
repeated is dependent upon the number of bits to be deleted or repeated and a column 
index of the matrix. 

4 . A method as claimed in claim 1, 2, or 3 wherein the interleaving process 
comprises permuting rows and columns of a matrix of N r rows and N c columns, in which 
data bits to be interleaved are represented row by row, in accordance with: 

Row Permutation I^k) = [a^k + f c (l)]modN r 

Column Permutation l c Q) = [0^1 + f r (k)]rnodN c 
where I/k) represents a data bit with a row index k, k is an integer from 1 to N r , ct, is an 
integer, f c (l) is a non-zero function of a column index 1, 1 is an integer from 1 to N c , 1^1) 
represents a data bit with the column index 1, is an integer, f r (k) is zero or a function of 
the row index k, and modN r and modN c represent modu!o-N r and modnJo-N c arithmetic 
respectively, interleaved data bits being derived from the matrix column by column. 

5 . A method as claimed in claim 4 wherein f c (l) = ml + [N r + 1 ]mod2, where m is an 
integer. 

6 . A method as claimed in claim 5 wherein m is approximately equal to N f / N c . 

7 . A method as claimed in claim 4, 5 or 6 wherein f r (k) = 2k + [N c + l]mod2. 

S . A method as claimed in any of claims 4 to 7 wherein a,, is the largest prime 
number less than N f / log 2 (Iog 2 (N r )). 
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9 . Rate matching apparatus arranged for carrying out a method as claimed any of 
claims 1 to 8. 

10. A method of interleaving data bits comprising permuting rows and columns of a 
matrix of N r rows and N c columns, in which data bits to be interleaved are represented 
row by row, in accordance with: 

Row Permutation JJJs) = [o^k + f c (l)]modN r 

Column Permutation I^I) = [ct^J + f r (k)]modN c 
where I r (k) represents a data bit with a row index k, k is an integer from 1 to N r , cCy is an 
integer, f c (l) a ml + [N r + l]mod2 is a non-zero function of a column index 1, 1 is an 
integer from 1 to N c , m is an integer, I c (l) represents a data bit with the column index 1, o^, 
is an integer, f r (k) = 2k + [N c + l]mod2, and mod2, modN r and modN c represent 
moduIo-2, modulo-N r , and modulo-N c arithmetic respectively, interleaved data bits being 
derived from the matrix column by column. 

11 . A method as claimed in claim 10 wherein m is approximately equal to N r / N c . 

12. A method as claimed in any of claim 10 or 1 1 wherein ctj. is the largest prime 
number less than N r / log 2 (log 2 (N r )). 

13. A data intcrleaver arranged for carrying out the method of claim 10, 1 1 , or 1 2. 

14. A method of interleaving and rate matching parallel concatenated convolutional 
coded data by deletion of coded data bits, the coded data bits comprising systematic bits 
and parity bits, including the steps of .interleaving the systematic bits separately from the 
parity bits, and deleting parity bits from the interleaved parity bits to provide the rate 
matching. 

15. A method of interleaving and rate matching parallel concatenated convolutional 
coded data by repetition of coded data bits, the coded data bits comprising systematic bits 
and parity bits, including the steps of interleaving the systematic bits separately from the 
parity bits, and repeating parity bits of the interleaved parity bits with a greater repetition 
factor than any repetition of systematic bits of the interleaved systematic bits, to provide 
the rate matching. 

1 6. Coding, interleaving, and rate matching apparatus arranged to carry out the method 
of claim 14 or 15. 

17. A method or apparatus generally, substantially, or essentially as described herein 
with reference to any one or more of Figs. 3 to 5 of the accompanying drawings. 



3. Detailed Description of Indention 
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This invention relates Co rate matching and channel interleaving for a 
communications system. 
Background of the Invention 

It is well known to perform interleaving of data in a communications system using 
forward error correction (FEC) in order, on deinterleaving, to distribute errors to facilitate 
their correction. Typically, such interleaving uses a block interleaver to interleave blocks 
of data. So-called turbo coding (parallel concatenated convolutional coding) uses an 
interleaver between inputs to two convolutional coders which produce respective parity 
bits from the input data before and after interleaving. With increasing attention being 
given to the use of turbo coding, particularly in wireless communications systems, 
attention has also been given to the form of the interleaver. 

So-calied 3rd generation CDMA (code division multiple access) wireless 
communications systems are also being developed which require a channel or inter- frame 
interleaver which operates to interleave or permute data in blocks corresponding to the 
radio frame duration, typically 10 ms. In such systems the channel interleaver either 
precedes or follows a rate matching function which serves to match various data rates to 
the radio frame rate, and which typically involves puncturing (omission) or repetition of 
data symbols, in this case data bits. It is desirable to distribute the omitted or repeated bits 
as evenly as possible, with as great a distance as possible between punctured or repeated 
bits in the de-interlcavcd frames, in a manner that is easy to implement and that is 
relatively independent of variables such as the frame size, number of frames, and 
puncturing rate. 

Canadian patent application No. (File 10378RO) filed March 19, 1999 in the 
names of Wen Tong et al., entitled "Data Interleaver And Method Of Interleaving Data", 
describes and claims a method of interleaving data and a data interleaver which 
advantageously can be used to provide the channel interleaving referred to above. The 
present invention is concerned with rate matching in a manner which can be used with 
particular advantage for data after such channel interleaving, but which is also applicable 
to other forms of interleaved data. This invention also provides improvements in and 
further applications of such channel interleaving. 
Summary of the Invention 

According to one aspect, this invention provides a method of matching a rate of 
data bits, in a matrix of data bits interleaved by a predetermined interleaving process, to a 
desired rate by deletion of redundant data bits or repetition of data bits derived from the 
matrix, including the steps of: determining in a non-interleaved matrix of said data bits a 
pattern of bits to be deleted or repeated to provide said desired data rate; decoding an 
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address of each bit in said pattern in a manner inverse to the interleaving process to 
produce a respective address of the bit in the matrix of interleaved data bits; and deleting or 
repeating the respective bit in the interleaved data bits in dependence upon the respective 
address. 

It is particularly advantageous, and may be necessary in practice, for the address 
decoding to be performed in the same manner as a coding of addresses for producing the 
interleaved data bits from the non-interleaved matrix of said data bits. This is facilitated in 
preferred embodiments of the method of the invention by the interleaving process 
comprising permuting rows and columns of a matrix of N r rows and N c columns, in 
which data bits to be interleaved are represented row by row, in accordance with: 
Row Permutation I^k) = [c^k + f c (l)JmodN r 
Column Permutation l^Q) = [c^d + f^JmodN,. 
where I^k) represents a data bit with a row index k, k is an integer from 1 to N r , a,, is an 
integer, f c (l) is a non-zero function of a column index 1, 1 is an integer from 1 to N c , ^(l) 
represents a data bit with the column index 1, is an integer, f r (k) is zero or a function of 
the row Index k, and modN r and rnodN c represent modulo-N r and modulo-N c arithmetic 
respectively, interleaved data bits being derived from the matrix column by column. 

It is currently considered optimum to choose f c (l) = ml + [N r -+- !Jmod2, where m 
is an integer, m approximately equal to N r / N c . f r (k) = 2k + [N c + 1 Jmod2. and a,, as the 
largest prime number less than N r / log 2 (log 2 (N r )). 

The invention also provides rate matching apparatus arranged for carrying out a 
method as recited above. 

Another aspect of this invention provides a method of interleaving data bits 
comprising permuting rows and columns of a matrix of N r rows and N c columns, in 
which data bits to be interleaved are represented row by row, in accordance with: 
Row Permutation 1^) = [o^k + f c (l)]modN r 
Column Permutation 1^.(1) = [o^l -t- f r (k)JmodN c 
where I^k) represents a data bit with a row index k, k is an integer from 1 to N r , 04. is an 
integer, f c (l) = ml + [N r + l]mod2 is a non-zero function of a column index 1, 1 is an 
integer from 1 to N c , m is an integer, y 1) represents a data bit with the column index I, a^, 
is an integer, f r (k) = 2k + [N c + l]mod2, and mod2, modN r and modN c represent 
modulo-2, modulo-N r , and modulo-N c arithmetic respectively, interleaved data bits being 
derived from the matrix column by column. 

The invention also provides a data interleaver arranged for carrying out this 
method. 

Another aspect of the invention provides a method of interleaving and rate 
matching parallel concatenated convolution^ coded data by deletion of coded data bits, the 
coded data bits comprising systematic bits and parity bits, including the steps of 
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interleaving the systematic bits separately from the parity bits, and deleting parity bits from 
the interleaved parity bits to provide the rate matching. 

A further aspect of the invention provides a method of interleaving and rate 
matching parallel concatenated convolution^ coded data by repetition of coded data bits, 
the coded data bits comprising systematic bits and parity bits, including the steps of 
interleaving the systematic bits separately from the parity bits, and repeating pariry bits of 
the interleaved parity bits with a greater repetition factor than any repetition of systematic 
bits of the interleaved systematic bits, to provide the rate matching. 

The invention further provides coding, interleaving, and rate matching apparatus 
arranged to carry out these methods. 

Yet another aspect of this invention relates to a method of shuffling interleaved and 
rate matched data streams in the manner described below with reference to Fig. 4 of the 
drawings, and to the recursive application of this method to more than two such data 
streams. 

Further aspects of the invention relate to a method or apparatus generally, 
substantially, or essentially as described below with reference to any one or more of 
Figs. 3 to 5 of the drawings. • 

Detailed Description 

Referring to Fig. 1 , there is illustrated a known arrangement for service 
multiplexing and channel interleaving in a 3rd generation CDMA radio communications 
system. The arrangement includes a service multiplexer 10 which serves to multiplex 
together a plurality of data signal streams, referred to as main stream services or QoS 
(Quality of Service) channels, which are supplied via respective service blocks 12 only 
one of which is illustrated. Each service block 12 is supplied at inputs 14 with a plurality 
of constituent input signals, which may for example comprise any of various types of 
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signals such as voice, data, and multi-media signals. These input signals may have 
arbitrary transmission rates, frame sizes, and other parameters. The input signals have 
CRC (cyclic redundancy check) codes added in blocks 16 and are multiplexed together in 
a transport channel multiplexer 18. The multiplexed signals are segmented, for encoding, 
in a segmentation block 20, and the segmented signals are subjected to FEC (forward 
error correction) coding in FEC blocks 22. The encoded signals are multiplexed in a 
multiplexer 24. 

The multiplexed signals are subjected to rate matching (puncturing (deletion) of 
redundant data symbols (bits) or repetition of data symbols (bits)) in a block 26 to match 
the data rate to the radio communications rate (air rate) with radio frames of 10 ms 
duration. Primarily in order to separate adjacent bits to reduce the adverse effects of errors 
due to fading in the radio channel, the data bits are interleaved in a first interleaver 28, 
which is referred to as a channel or inter-frame interleaver because it operates to permute 
blocks each of 10 ms of data bits. Although in Fig. 1 the interleaver 28 is shown 
following the rate matching block 26, as discussed further below the positions of these 
functions may be interchanged, the multiplexed signals from the multiplexer 24 being 
supplied co the channel interleaver 28, and the interleaved signals from the interleaver 
being supplied to the rate matching block 26. For example, these functions may be in the 
order shown in Fig. 1 for downlink transmission of signals from a central station, and 
may be in the reversed order for uplink transmission of signals to the central station- 
Following the functions 26 and 28, the resulting rate matched and interleaved 
signals are segmented for radio frames and physical channels in segmentation blocks 30 
and 32 respectively to produce the signals for multiplexing by the multiplexer 10. Signals 
output by the multiplexer 10 are interleaved by a second interleaver 34 the outputs of 
which arc segmented and mapped to dedicated physical channels in a segmentation and 
mapping block 36 for communications via a CDMA radio communications path in known 
manner. 

As described in the patent application by Wen Tong et al. referred to above, the 
first interleaver 28 can have a performance that is sufficiently good to enable the second 
interleaver 34 to be omitted or reduced to a simple shuffling operation, for example as 
described below. This is desirable in particular because otherwise the second interleaver 
34 has the potential to degrade the interleaving performed by each first interleaver 28, 
whereas each first interleaver 28 can be optimized for its particular rate matched data 
stream and QoS. 

Accordingly, the first interleaver 28 is implemented as an algebraic interleaver 
providing a good random spreading property. The multiple encoded bit blocks or data 
transport frames for each QoS channel are mapped into a 2-dimensional matrix and are 
subjected to linear congrucntial rules to permute the rows and columns of the matrix to 
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implement the interleaving function. A maximum interleaving depth and time span can be 
determined by searching a set of best parameters. The interleaver consequently has a 
relatively simple form without disadvantages of known interleave^, such as requiring 
large memory sizes for look-up tables or inadequately accommodating the rate matching 
function. 

Although the following description refers to rows and columns of a matrix, it 
should be understood that this is for convenience and clarity, that the rows and columns 
can be interchanged without changing the function of the interleaver, and that in practice 
and as described below the interleaver can operate by equivalent control of read or write 
addressing of memory locations of a linear memory in which data bits are stored, without 
any actual movement of the stored bits among the memory locations. 

The interleaver 26 as described in the patent application referred to above operates 
to implement the following three steps: 

1 . Represent a number N c of encoded blocks of data bits each of length N r data bits 
as a matrix of N r rows and N c columns. 

2 . Permute the rows and columns of the matrix in accordance with: 

Row Permutation ^(k) = [c^k + f c (l)]modN r 

Column Permutation I c (l) = [c^l + f r (k)]modN c 
where I(.(k) represents a data bit with a row index k. k is an integer from I to N r , o^. is a 
row permutation parameter and is an integer, f c (l) is a positive function of a column index 
1, 1 is an integer from I to N c , ^(1) represents a data bit with the column index J, Ct^ is a 
column permutation parameter and is an integer, f r (k) is a positive function of the row 
index k, and modN r and modN c represent modulo-N r and modulo-N c arithmetic 
respectively. 

3 . Derive interleaved data bits from the matrix column by column. 

Step 1 can be slighdy modified to accommodate different numbers of data 
transport frames with a given number of columns of the matrix. For example the matrix 
can have N c = 8 columns for N e / y data transport frames where y = 1 , 2, 4, or 8, the 
matrix having N r / y rows accordingly, with a consequent modification of step 3 to read 
out y columns of the matrix per radio frame accordingly. For simplicity in the description 
below, it is assumed that y= 1 with N c = 8. 

For step 2, the row permutation parameter ct,. is chosen to be the largest prime 
number less than LN r / log 2 G°g2(N r ))l the column permutation parameter is chosen to 
be the largest prime number less than Ln c J, the function f c (l) = ml + [N r + l]mqd2, where 
m is an integer equal to Tn f / N c l, and the function f r (k) = 2k + [N c + l]rnod2. The 
symbols L J refer to rounding down to an integer, and the symbols f 1 refer to rounding 
up to an integer. It can be appreciated that [N r + nmod2 is zero when is odd and is 
one when N r is even, and that [N c + l]mod2 is zero when N c is odd and is one when N c 
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is even, so that these parts of the fiwetions f c (l) and f r (k) are simply the addition of one 
when the respective number N r or N c is even. 

As indicated above, the rate matching punctures (deletes) redundant data bits 
(which are present as a result of the EEC encoding blocks 22 in the event that the data 
transport frame size is larger than the radio frame size, a maximum puncturing ratio being 
20% of the transport frame size. Conversely, if the data transport frame size is smaller 
than the radio frame size, bits of the transport frame are repeated to achieve the rate 
matching. The rate matching is desired as far as possible to maximize the separation 
distances between the punctured bits and to equalize the number of punctured bits in each 
radio frame, i.e. to distribute the punctured bits uniformly among the radio frames with 
maximum separation. 

In the case where the rate matching block 26 precedes the channel interieaver 28 as 
shown in Fig. 1 , a known rate matching method as shown in Fig. 2 can be used. 

Referring to Fig. 2, for each radio frame of segmentation size N; bits, in a block 
40 an integer y is determined as y = N r - Nj, y being greater than zero (positive) in the 
event that puncturing is required, being less than zero (negative) in the event that repetition 
of I y I bits is required, and being zero if no puncturing or repetition is required a stop 
block 41 being reached in the latter event. As the steps shown in Fig. 2 are substantially 
the same for bit repetition (y < 0, shown at the right in Fig. 2) as for puncturing (y > 0, 
shown at the left in Fig. 2, except for the use of I y I and repetition instead of y and 
puncturing, only the case of puncturing is described in detail below. 

If y > 0, puncturing of y of the N r bits of the transport frame is required to 
produce the N s bits of the radio frame. In this case in a block 42 a parameter e is 
initialized to a starting offset e os which is determined in any desired manner for the 
particular radio frame, and a row counter r is initialized to 1 . In a block 43, it is 
determined whether r <, N r and, if so, in a block 44 the value of e is reduced by 2y . In a 
subsequent decision block 45 it is determined whether e £ 0, and if so the bit in the row r 
is punctured at a block 46, the value of e is increased by 2N r in a block 47, the row 
counter r is increased by 1 in a block 48, and a return is made to the decision block 43. A 
negative decision at the block 45 (i.e. e > 0) results in a return to the block 43 via the 
block 48 to increment the row counter r without any puncturing or change in the value of 
e- A negative decision at the block 43 (i.e. r > N r ) indicates that the end of the frame has 
been reached, and accordingly the sequence ends at the stop block 41 . 

However, in the case where the rate matching block 26 follows the channel 
mterlcavcr 2S, the rate matching is carried out on the permuted (interleaved) bit stream and 
the problem of rate matching is considerably more complicated. Generally, the 
requirements of the channel interleaving and rate matching processes are not consistent. 
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More particularly, the design of an appropriate, and desirably optimized, rate 
matching pattern of punctured or repeated bits within the matrix of bits after the channel 
interleaving process represents a very complex or impractical task. This invention avoids 
this problem by providing an appropriate, and desirably optimized, rate matching pattern 
of punctured or repeated bits for the matrix before interleaving, and to use a de- 
interleaving or decoding process to determine corresponding bits to be punctured or 
repeated at the output of the channel interleaves This process is facilitated by the fact that 
the de-interleaving, or decoding, process can be implemented by exactly the same 
structure as the interleaving process, as further described below. For convenience and 
clarity, the following description refers to the matrix of bits before interleaving (or after 
de-interleaving) as the natural matrix NM. and to the matrix of bits after interleaving as the 
randomized matrix RM. 

Fig. 3 illustrates an implementation of a channel intcrleaver 28 and rate matching 
block 26 in accordance with an embodiment of this invention. As illustrated in Fig. 3. the 
interleaver 26 includes a working memory 50 with two halves, alternately used in known 
manner for writing into and reading from the memory, each for storing the NrN c data bits 
represented in the matrix as described above, these data bits being written into the memory 
linearly corresponding to the row-by-row organization of the matrix. A modulo-N r row 
counter 5 1 is responsive to a clock signal CLK to provide, a count representing the row 
index k, and a carry output of this counter 5 1 is supplied to a modulo-N c column counter 
52 to provide a count representing the column index 1. The counts k and 1 of the counters 
5 1 and 52 arc supplied to an address encoder 53 shown within a dashed line box in Fig. 
3. More specifically, the count of the column counter 53 is supplied to multipliers 54 and 
55 which arc also supplied with the parameters o^. and m respectively to produce products 
representing c^l and ml respectively, and the count of the row counter 51 is supplied to 
multipliers 56 and 57 which are also supplied with the integer 2 and the parameter 
respectively to produce products representing 2k and a^k respectively. An adder 58 adds 
the outputs of the multipliers 54 and 56 and selectively adds 1 or 0 depending upon 
whether N c is even or odd respectively, and the output of the adder 58 is reduced to 
modulo-N c form by a modulo function 59 to complete the column permutation function 
described above. An adder 60 adds the outputs of the multipliers 55 and 57 and 
selectively adds 1 or 0 depending upon whether N r is even or odd respectively, and the 
output of the adder 60 is reduced to modulo-N r form by a modulo function 61 to complete 
the row permutation function described above. Each of the modulo functions 59 and 61 
can comprise comparison and subtraction functions. Outputs of the functions 59 and 61 
are combined in a read address combiner 62 to produce an address for reading the 
respective data bit in its interleaved sequence from the memory 50. As illustrated in Fig. 
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3, the read address is supplied to the memory 50 via a switch 63 which is provided as 
described below. 

If the number of rows N r is a power of two, then the address combiner 62 can 
simply combine the output of the modulo function 61 as the least significant bits, and the 
output of the modulo function 59 as the most significant bits, of the read address for the 
memory 50; cquivalently the output of the function 61 is added by the address combiner 
62 to N r times the output of the function 59. 

It may be desired to interleave data bits in arbitrary-sized frames that are not an 
integer multiple of N c . In this case, the number of rows of the matrix is selected to 
accommodate all of the data bits to be interleaved, and the last few (less than N c ) memory 
locations in the working memory 50 are not written into. In order to omit the data bits of 
these memory locations from the interleaved data bits, the interleaver 28 of Fig. 3 also 
includes a decoder 64 which detects these memory locations in the read address output of 
the address combiner 62, and upon such detection opens the switch 63 to prevent reading 
of data from the memory 50 in respect of these locations. In order to provide a constant 
data output rate of the interleaved data bits from the memory 50, the interleaver 28 of Fig. 
3 further includes a FIFO (first-in, first-out) memory 65, clocked by the clock signal 
CLK, via which the interleaved data bits arc supplied to an output line 66 of the 
interleaver, the FIFO 65 being pre-fillcd at the start of each interleaving operation and 
having a size (e.g. up to sufficient to allow for the non-read, and hence omitted, 
memory locations. 

The interleaved data bits on the line 66 are supplied to the rate matching block or 
function 26 also illustrated in Fig. 3. This rate matching function comprises a rate 
matching address generator 70 which is also supplied with the clock signal CLK, an 
address separator 71, an address decoder 72, a buffer or store 73, comparators 74, and a 
data bit selector 75 providing a rate matched data output on a line 76. Similarly to the 
provision of the FIFO 65 for providing a constant data bit rate output of the interleaver 28, 
the rate matching function 26 may also include a FIFO or other buffer (not shown) for 
providing a constant rate of data bits from the output line 76. 

The rate matching address generator 70 generates at its output, as described further 
below, the address in the natural matrix NM of each punctured or repeated bit in 
accordance with the puncturing or repetition pattern which is determined for this process. 
This address is separated into most significant and least significant components by the 
address separator 71, whose operation is inverse to that of the read address combiner 62 
described above. Thus if the number of rows N r is a power of two, then the address 
separator 71 can simply separate the address bits output by the generator 70 into most 
significant bits and least significant bits; equivalently the address from the generator 70 is 
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divided by N r to produce an integer quotient and a remainder which constitute the two 
outputs of the address separator 7 1 . 

The address decoder 72 performs the inverse function of the address encoder 53. 
As indicated above, with the algebraic interleaving process described herein the structure 
of the de-intcdeaver can be exactly the same as the structure of the interleave^ and 
correspondingly the address decoder 72 is exactly the same as the address encoder 53. 
Accordingly, the detailed structure of the address decoder 72 is not illustrated in Fig. 3, it 
being identical to the structure of the address encoder 53 as shown in Fig. 3. It can be ' 
appreciated that this samd-stmcturc characteristic of the complementary operations for 
interleaving and de-interleaving provides a substantial advantage and simplification in 
implementing these functions. 

The outputs of the address decoder 72 are buffered in the store 73, and the 
buffered outputs from the store are compared in the comparators 74 with the current 
counts k and I of the row counter 5 1 and column counter 52 respectively of the channel 
interleave 28, to provide a selector control signal on a line 77 with a predetermined state 
when the compared values are the same. The selector control signal is thus produced on 
the line 77 with this state at each time that a bit on the line 66 is to be punctured or 
repeated. At other times, for bits which are not punctured or repeated, the control signal 
on the line 77 controls the selector 75 to supply to its output line 76, synchronously as 
determined by the clock signal CLK, a bit from the line 66 supplied to a middle one (as 
shown in Fig. 3) of three inputs of the selector 75. At the time of each bit to be repeated 
or punctured, the control signal on the line 77 instead controls the selector 75 to supply to 
its output line a bit from either its upper input or its lower input (as shown in Fig. 3), 
depending upon whether bits are to be repeated or punctured respectively, as determined 
by a further control input P/R to the selector 75. The upper input of the selector 75 is 
connected to the output line 76 to provide for bit repetition, and the lower input of the 
selector 75 is illustrated as having no connection to provide for bit puncturing. As 
indicated above, a constant output data bit rate for the interleaved and rate matched data 
bits is provided by a buffer (not shown) to which data bits on the output line 76 are 
supplied. 

Because of the address decoding provided by the decoder 72 in the rate matching 
function 26, the rate matching address generator 70 can simply determine the desired 
pattern of punctured or repeated bits in terms of the normal matrix addresses in the manner 
described above with reference to Fig. 2, using the single parameter e os determined in a 
desired manner to optimize this pattern. For example, this parameter couJd be determined 
by an equation such as e 0l = [2py + ljmoo^Nr, where as described above y is the number 
of bits to be punctured or repeated for each column of the matrix, and p is a column index 
from 0 to 7 (for the case of N c = 8). 



(25) 



tfcffl 2001-57521 



This example, with interleaving as described above of 8 data transport frames each 
of 1 0 bits, and requiring a maximum puncturing ratio of 20% to produce channe) 
interleaved and rate matched radio frames each of 8 bits ( a total of 16 out of 80 bits being 
punctured or deleted), is further illustrated by the following Tables 1, 2, and 3. Thus 
N c - 8 and N r = ] 0. Table 1 illustrates entry of the 80 data bits, numbered 0 to 79, row 
by row in a 10 by 8 natural matrix with the row index k from 1 to 10 and the column 
index 1 from 1 to 8: 
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The channel interleaving as described above produces a randomized matrix as 
shown by the following Table 2: 
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The rate matching as described above then punctures 16 bits, 2 from each column 
of the randomized matrix, in a pattern produced by the rate matching algorithm to give a 
punctured randomized matrix as shown by the following Table 3: 
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The channel interleaved and rate matched data bits are derived column by column 

from Table 3, i.e., with the order [ 57, 35 51,7, 67/40, 26, 4 ]. The punctured 

bits arc 2, 9, !1, 16, 25, 29, 31, 32, 34, 38, 47, 54, 61, 64, 68, and 75, for which the 
maximum puncture distance is 9 (25 - 16) and the minimum puncture distance is 1 
(32 - 31); this small minimum puncture distance indicates that this particular example is 
not optimum, a larger minimum puncture distance being desirable. It can be appreciated 
that numerous other determinations of the parameters, and in particular of the parameter 
e os , can be provided to optimize the puncturing process. 

As indicated above, it is desirable for operation of the second intcrlcaver 34 not to 
degrade the performance achieved as a result of the first interleaver 28, and to this end it is 
advantageous for the second interleaver 34 to be reduced to a simple shuffling operation, 
which interleaves data streams with different QoS while retaining the spreading properties 
achieved by the first interleaver 28 for each QoS data stream. 

Fig. 4 shows a flow chart of a bit shuffling algorithm which can be used 
advantageously to interleave bits of two data streams of interleaved radio frames provided, 
as described above from respective service blocks 12 provided via the service multiplexer 
10 in Fig, 1. Denoting one stream TQj having frames of bits and a second stream TQ2 
having frames of N 2 bits, with Nj > N 2 , Fig. 4 illustrates how bits of the stream TQ2 arc 
inserted into the stream TQj . 

Referring to Fig. 4, initially in a block 82 a parameter e is initialized to Nj and a 
counter r is initialized to 1. In a block 83, it is determined whether r ^ Nj and, if so, in a 
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block 84 the value of e is reduced by 2N 2 . In a subsequent decision block 85 it is 
determined whether e < 0, and if so at a block 86 the next bit in the stream TQ 2 is inserted 
into the stream TQ t , the value of e is increased by 2Nj in a block 87, the counter r is 
increased by 1 in a block 88, and a return is made to the decision block 83. A negative 
decision at the block 85 (i.e. e > 0) results in a return to the block 83 via the block 88 to 
increment the counter r without any bit insertion or change in the value of e. A negative 
decision at the block 83 (i.e. r>Nj) indicates that the end of the frame has been reached, 
and accordingly the sequence ends at a stop block 81 . 

For more than two data streams, the same process is applied recursively for the 
successive data streams. It can be appreciated from the above description and the 
illustration in Fig. 4 that the steps of this process have a direct correlation with the steps of 
the puncturing and repetition processes of Fig. 2, so that implementation of this recursive 
shuffling process can be particularly convenient. 

As indicated above, the puncturing of bits to achieve the desired rate matching is 
applied to data bits which have redundancy due to the FEC encoding provided by the 
encoders 22. One preferred form of encoding is so-called turbo (parallel concatenated 
convolution^) coding, in which the encoded data bits comprise the input data bits 
themselves, referred to as systematic data bits S, and parity bits Pi and P2 provided by 
convolutional coders operating on the input data bits and on interleaved input data bits. 
The parity bits PI and P2 are typically punctured within the turbo coder to provide a 
desired rate turbo coder. For encoders 22 constituted by turbo coders, it is necessary to 
ensure that the subsequent rate matching function 26 does not puncture any of the 
systematic bits S. but only the parity bits PI and/or P2. In the case of repetition, it has 
been determined that repetition of the parity bits PI and P2 by a factor of the order of 2 or 
3 times the repetition of the systematic bits S provides a performance gain. 

To these ends, Fig. 5 illustrates a modification of part of the arrangement of Fig. 1 
for channel interleaving and rate matching of data encoded by turbo coding. Referring to 
Fig. 5, a turbo coder constituting one of the FEC encoders 22 is shown within a dashed 
line box 90 and, as is well known, comprises a turbo code interleaver 9 1 which 
interleaves input data bits, and two convolutional coders 92 which operate on the input 
data bits before and after interleaving to produce parity bits PI and P2, the input data bits 
also being supplied to the coder outputs as systematic bits S. A puncturing block, not 
shown, may also be present to select only some of the parity bits PI and P2 for supply to 
the coder outputs. 

Instead of a single channel interleaver as described above, Fig. 5 illustrates that 
individual channel interleaves 93 arc provided for the systematic bit stream and the parity 
bit stream. As shown in Fig. 5, there are three channel interleavers 93, but it can be 
appreciated that the streams of parity bits PI and P2 can be combined and interleaved 
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together, so that only two channel interleaves are provided, one for the systematic bit 
stream and the other for the parity bit stream. Further inputs to the channel interleaves 93 
in Fig. 5 indicate the multiplexing of systematic and parity bit streams, respectively, for 
multiple channels, corresponding to the multiplexer 24 in Fig. 1. 

The rate matching function, which follows the channel interleaves 94, is shown 
within a dashed line box 94. A puncturing function 95 is applied only to the channel- 
interleaved parity bit streams, whereas a repetition function 96 can be provided to the 
parity and systematic bit streams, a selector 97 being illustrated to couple the channel- 
interleaved bits accordingly. The puncturing and repetition can be as described above. It 
can be appreciated that the illustration in Fig. 5 in this respect is intended diagrammaucaUy 
to represent the principle that puncturing is not applied to the systematic bits, rather than 
showing an actual implementation of the rate matching function. It can be appreciated, for 
example, that puncturing or repetition, as required, could be applied only to the parity bit 
streams to provide the desired rate matching, without any puncturing or repetition of the 
systematic bit stream. 

Although the above description refers to separate functions and units for the 
various processes described herein, it can be appreciated that these can in many cases be 
implemented using functions of one or more digital signal processors or other integrated 
circuits. 

Although particular embodiments and examples of the invention have been 
described above, it can be appreciated that numerous modifications, variations, and 
adaptations may be made without departing from the scope of the invention as defined in 
the claims. 

{.BiicI Description of Drivings 



The invention will be further understood from the following description with 
reference to the accompanying drawings, in which: 

Fig. 1 illustrates a known arrangement for service multiplexing and channel 
interleaving in a 3rd generation CDMA communications system; 

Fig. 2 is a flow chart relating to a known rate matching algorithm; 

Fig. 3 illustrates an implementation of an interleaver and a rate matching 
arrangement in accordance with an embodiment of this invention; 

Fig. 4, which is on the same sheet as Fig. 2, is a flow chart relating to shuffling 
for a second stage of interleaving in the arrangement of Fig. 1; and 

Fig. 5 illustrates a modification of part of the arrangement of Fig. 1 for channel 
interleaving and rate matching of data encoded by turbo (parallel concatenated 
con volution al) coding. 
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1 . Abstract 
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A method of and apparatus for matching a rate of data bits, in a matrix of data, bits 
interleaved by a predetermined interleaving process, to a desired rate by deletion of redundant 
da[a bits or repetition of data bits derived from the matrix, includes steps of determining in a 
non-interieaved matrix of the data bits a paitcm of bits to be deleted or repeated to provide the 
desired data rate, decoding an address of each bit in said pattern in a manner inverse to the 
interleaving process to produce a respective address of the bit in the matrix of interleaved data 
bits, and deleting or repeating the respective bit in the interleaved data bits in dependence upon 
the respective address. The address decoding is performed in the same manner as a coding of 
addresses for producing the interleaved data bits from the non-interleaved matrix of the data 
bits. The specification also discloses an advantageous interleaving process for channel 
interleaving in a 3rd generation CDMA wireless communications system, a shuffling method 
for a second stage of interleaving in such a system, and how the rate matching can be . 
conveniently applied to turbo-coded data coded. 
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